The current understanding of heart failure (HF) does not fully explain the spectrum of HF symptoms. Most HF hospitalizations are related to sodium (Na þ ) and fluid retention resulting from neurohumoral up-regulation. Recent insights suggest that Na þ is not distributed in the body solely as a free cation, but that it is also bound to large interstitial glycosaminoglycan (GAG) networks in different tissues, which have an important regulatory function. In HF, high Na þ intake and neurohumoral alterations disrupt GAG structure, leading to loss of the interstitial buffer capacity and disproportionate interstitial fluid accumulation. Moreover, a diminished endothelial GAG network (the endothelial glycocalyx) results in increased vascular resistance and disturbed endothelial nitric oxide production. New imaging modalities can help evaluate interstitial Na þ and endothelial glycocalyx integrity. Furthermore, several therapies have been proven to stabilize interstitial GAG networks. Hence, a better appreciation of this new Na þ "compartment" might improve current management of HF. (J Am Coll Cardiol 2015;65:378-88)
A pproximately 90% of heart failure (HF) hospitalizations are associated with signs and symptoms of sodium (Na þ ) and fluid excess, which are associated with disease progression and a worse prognosis (1, 2) . Traditionally, the primary abnormality in HF was understood to be Na þ handling, whereby water movement passively follows Na þ to keep osmolality in balance. Due to neurohumoral up-regulation and increased arginine vasopressin (AVP) production, the kidneys are not capable of adjusting Na þ excretion to Na þ intake.
The resulting imbalance leads to Na þ accumulation, followed by interstitial and intravascular volume retention, and, eventually, to edema and increased cardiac filling pressures (3). However, before admission for acute decompensated heart failure (ADHF), patients display a wide spectrum of weight changes, with <50% gaining substantial weight (>1 kg) (4) . Moreover, although a significant increase in cardiac filling pressure is consistently observed days before an ADHF admission, a broad range of plasma volumes has been observed in ADHF patients (5, 6) .
Finally, total body Na þ levels were found to be increased in observational studies of HF from >60 years ago (7) . Interestingly, this increase was found in patients both with overt peripheral edema and without edema (8, 9) . Important changes in total body Na þ occur over extended periods of time, even in healthy individuals on a stable Na þ diet, and are not accompanied by changes in total body water (TBW) (10, 11) . Therefore, the classic idea of simultaneous Na þ and fluid retention may not always be true as an explanation for fluid overload and increased cardiac filling pressures in ADHF.
Recent evidence has demonstrated that a large part of total body Na þ is bound to glycosaminoglycan (GAG) networks in the interstitium; these GAG networks function as Na þ buffers and play an important role in fluid homeostasis and endothelial function.
This review aims to provide insight in the important physiological role of interstitial Na þ bound to GAGs in by the kidneys can lead to marked alterations in TBW (13) , this tiny fraction of renal Na þ excretion is highly regulated to mimic dietary intake.
SODIUM BUFFERING BY GLYCOSAMINOGLYCANS
On the basis of intracellular and extracellular Na þ concentrations, approximately 65% of total body Na þ is assumed to reside in the extracellular fluid (plasma fluid and interstitial fluid), whereas only 5% to 10% is found in the intracellular fluid (13 (18) . Consequently, a large amount of Na þ is bound to GAGs, creating a microenvironment of hypertonic Na þ concentration (19) . However, the dense network exhibits a low compliance, secondary to its strong elastic and tensile force, thereby "pressing" fluid out. Importantly, disruption of bonds within GAGs or alterations in bound molecules will have significant structural and functional consequences for the proteoglycans (20, 21) .
INTERSTITIAL SODIUM SODIUM ACCUMULATES DYNAMICALLY IN INTERSTITIAL
GLYCOSAMINOGLYCAN NETWORKS. The interstitium connects and supports tissues while serving as a transport medium for nutrients, waste products, and signaling molecules. GAGs are the main constituents of the interstitium of various tissues (22) (23) (24) .
Together with collagen and/or elastin fibers, they comprise the solid phase and determine the structure and compliance of the interstitium (22, 25) . Because 1 GAG macromolecule can bind a large quantity of Na þ cations, the interstitium can accumulate or buffer a high amount of Na þ ( Figure 1A ) (26 In vitro studies have also shown that the interstitial GAG network can adapt to short periods of higher salt intake, because a high concentration of Na þ cations changes the sulfation pattern and increases GAG charge density (17, 30) . High Na þ concentrations also promote gene expression of GAG polymerization enzymes, which further increases GAG content, and thus, activates a positive feedback pathway to expand Na þ storage capacity ( Figure 1B ) (10) . In the reverse situation of salt scarcity, GAG polymerization and sulfation are reduced, and a subsequent reduction in the matrix is associated with gradual mobilization of Na þ from tissue reservoirs (19) .
However, if an excessively high Na þ concentration in the GAG network is prolonged, the conformation of the macromolecules will eventually be altered, leading to a dysfunctional GAG network, which results in a loss of interstitial network integrity and buffering capacity ( Figure 1C ). The loss of interstitial buffering capacity may be especially important in salt-sensitive 
The interstitium consists of a network of proteoglycans and collagen and/or elastin fibers that determine its compliance. Interstitial fluid is formed by transcapillary filtration of plasma fluid and is subsequently drained by many lymphatic vessels. (B) High dietary sodium (Na þ ) intake leads to an interstitium with a large glycosaminoglycan (GAG) network, which can accumulate a higher concentration of Na þ (and proteins), thus creating a higher interstitial oncotic pressure. A high interstitial sodium concentration acts as a positive stimulus for lymphangiogenesis through tissue vascular endothelial growth factor-C (VEGF-C) and nitrous oxide (NO) production.
Due to the low interstitial compliance and increased lymphatic capacity, interstitial fluid is efficiently drained, and there is no interstitial fluid accumulation; however, interstitial oncotic pressure is high (compensated state). (C) When the conformation of the GAGs is altered, the GAG network becomes dysfunctional, and the interstitium enters a high-compliance state. Furthermore, high interstitial oncotic pressure (as with high salt intake) favors transcapillary filtration of interstitial fluid. In addition, due to widening of lymphatic vessels and disturbance of propagation coordination, lymphatic drainage becomes less efficient, leading to lymph extravasation. Therefore, in heart failure (HF), interstitial fluid can accumulate (decompensated state), even in patients with mildly elevated venous pressures.
Nijst et al. (49) . Na þ reversibly binds and dissociates from eGC binding sites. As a result, the eGC buffer allows gradual passage of Na þ from the blood into the space between the eGC and endothelium (50) . Na þ can subsequently enter the endothelial cell through apical endothelial Na þ channels (EnNaCs), which are almost identical to epithelial Na þ channels. Then, sodium-potassium adenosine triphosphatease (Na þ / K þ -ATPase) pumps at the basolateral side will quickly try to restore cell homeostasis by creating a transcellular passage for Na þ into the interstitium (13).
However, most Na þ is transported between endothelial cells along its electrochemical gradient via the paracellular pathway. Importantly, the eGC also acts as a mechanotransducer, transmitting shear stress signals into specific cell signaling processes in the 
Shear Stress
The endothelial glycocalyx (eGC) is a network of glycosaminoglycans (GAGs) connected to the underlying endothelium by adhesion molecules. It acts as a mechanotransducer and shields the underlying epithelium from blood cells. Moreover, due to the net negative charge, positively charged molecules, such as sodium (Na þ ) and plasma-derived proteins, are concentrated inside the GAG network, creating a buffer and a high internal oncotic pressure. The eGC will be shed by inflammation, oxidative stress, natriuretic peptides, and high Na þ concentration, whereas spironolactone has protective effects.
Nijst et al.
Interstitial Sodium in Heart Failure Dietary Na þ reduction is currently a simple (and probably the most important) way to prevent endothelial dysfunction and the interstitial Na þ accumulation that causes GAG dysfunction. Dietary intake is associated with a higher cardiovascular mortality and more ADHF events in stable HF patients (91, 92) .
Furthermore, a reduction in Na þ intake can lead to a significant decrease in plasma Na þ (1.5 to 3.0 mmol/l) and possibly restore dysfunctional GAG networks (93) . In this regard, a meticulous change in dietary Na þ intake alone can reverse vascular endothelial dysfunction and improve vascular compliance (94, 95) .
When edema is present, current applied therapies in ADHF (loop diuretics and ultrafiltration) target free 
